As the life expectancy of people with Down syndrome (DS) has markedly increased over the past decades, older adults with DS may be experiencing a higher incidence of aging conditions. In addition to longevity, the amyloid precursor protein gene located on chromosome 21 places individuals with DS at a high risk for developing Alzheimer disease. Yet, few studies have determined prevalence of dementia and comorbidities among older people with DS.
D own syndrome (DS) is the most common genetic cause of developmental disability and cognitive impairment, with an estimated prevalence of 8.3 per 10 000 individuals in the United States (approximately 250 700 people). 1 People with DS are considered to have accelerated aging physiology and conditions that often manifest by 45 years. 2 During the last 3 decades, the life expectancy of people with DS has markedly increased, with a median age at death of almost 60 years 3 compared with 25 years in 1983 and 49 years in 1997. 4 As a consequence, people with DS may be experiencing a higher incidence of age-related comorbid conditions; however, this remains largely unstudied. In addition to longevity, adults with DS are at a very high risk of developing Alzheimer disease (AD) owing to trisomy of chromosome 21 on which the amyloid precursor protein gene is located. Postmortem studies reveal that almost 100% of adults with DS show neuropathological findings of AD by age 40 years, 5 and AD is the main cause of death in many older individuals with DS. 3 However, clinical AD does not always develop systematically in those with DS, and more research is needed to study how other diseases of aging and multimorbidity are associated with DS dementia. 6 The connections between increased longevity in DS, multimorbidity, and DS dementia are not well known. The investigation of a representative study of older patients with DS with and without dementia could clarify these associations and lead to a more informed care practice for these vulnerable elderly individuals. While studies on aging DS are rare and with small cohorts on DS dementia, 7 secondary health claims data offer a promising opportunity to explore older adults with DS. We investigated the 2015 California Medicare data set that included beneficiaries older than 45 years to identify aging individuals with DS and to compare individuals with DS dementia with those individuals with DS without a diagnosis of dementia. The objective was to better understand the medical challenges facing aging individuals with DS.
Methods
We obtained data from the 2015 California Medicare data set including all 2015 Californian Medicare beneficiaries enrolled in both Medicare Part A and Part B. Medicare Part A covers services provided by hospitals, skilled nursing facilities, and hospice and home health agencies, whereas Part B covers services and supplies needed to diagnose or treat outpatient medical conditions and preventive health services. 
Statistical Analysis
Demographic data, mean number, and frequency of comorbid conditions were calculated in the whole DS sample and then with subsequent stratification by dementia status and by sex.
Comparisons between groups were computed with t tests for continuous variables and χ 2 or Fisher exact tests for categorical variables. We also determined frequency of dementia by age. To control for differences in age that might influence multimorbidity (eg, older age associated with a higher number of comorbidity conditions), a sensitivity analysis was conducted to check for the stability of comparative outcomes regarding comorbidity conditions in DS with and without dementia: individuals with DS dementia (n = 353) were compared with a subset of matched individuals with DS without dementia (n = 353) within the same Medicare data set. The 1:1 matching on sex (P > .99) and age (P = .60) was performed using R package Matching, version 4.9-2 2015. Statistical analyses were performed using Stata, version 14 (StataCorp) and R (R Programming). The P value level of significance was .05, and all P values were 2-sided.
Results
Among 3 001 977 Californian 2015 Medicare beneficiaries 45 years or older, 878 individuals (0.03%) were identified as having DS, including 455 men (52%) and 423 women (48%). Mean age for those beneficiaries was 57 years (range 45-89), and most were white (71%), followed by Hispanic, who were 4 times more numerous than African American individuals ( Table 1) .
Of the 878 individuals with DS, 353 (40%) had a diagnosis of dementia (DS dementia) ( Table 1) . Dementia diagnosis was associated with older age (58.7 years vs 55.9 years; P < .001), but no significant differences in sex or race/ethnicity were found (Table 1) . Among those with dementia, there was no difference in age by sex (men, 58.6 years vs women, 58.8 years; P = .81). As expected, the frequency of dementia showed a progressive increase with age, with a maximum of 56% among those aged 60 to 65 years, followed by a slightly lower plateau after age 65 years ( Figure 1 ). Among the oldest individuals with DS (older than 70 years), there were 26 with dementia (12 men and 14 women) and 27 without dementia (13 men and 14 women). Table 2 shows that individuals with DS of all ages with dementia (n = 353) had a mean of 3.4 comorbidities (in addition to dementia), whereas individuals with DS without dementia (n = 525) had a mean of 2.5 comorbidities (P < .001). When stratifying by age (Figure 2 ), the number of comorbidities between DS with and without dementia was primarily different among those younger than 65 years. This result remained after matching DS dementia (n = 353) with DS without dementia (n = 353) by age and sex: individuals with DS with dementia had more comorbidities than those without dementia when younger than 65 years (mean, 3.1 vs mean, 2.3, respectively; P < .001), but this difference was no longer significant among those 65 years and older.
Six of the 27 comorbid conditions had a high prevalence (more than 18% each) in DS in general including, from most to less frequent, hypothyroidism, epilepsy, anemia, dyslipidemia, hypertension, and chronic pulmonary disease (Table 2) . Of these, 4 treatable conditions (hypothyroidism, epilepsy, anemia, and weight loss) were much more common among those with dementia than without; this result remained in the matched subsample. A total of 276 individuals (78%) with DS dementia had at least 1 of those 4 diseases compared with 64% in individuals without DS dementia (Figure 2 ). We did note other significant differences between individuals with DS dementia and individuals without DS dementia in neuropsychological conditions (higher frequencies of mood, psychosis, anxiety, and alcohol use).
When stratifying by sex, men showed a higher frequency than women for anemia (33% (Table 3) suggested that men with dementia had higher frequency of hypothyroidism, osteoporosis, chronic renal failure, mood disorders, alcohol use, and lower frequency of tumor and hematologic disease, while women with dementia had higher frequency of anemia and anxiety.
Discussion
In a large sample of 878 older individuals with DS (age range, 45-89 years) identified from California fee-for-services Medicare claims in 2015, prevalence of dementia increased with age, and half of individuals with DS had a diagnosis of dementia when older than 65 years. Chronic comorbid conditions were more numerous among individuals with DS with dementia than without, especially among those younger than 65 years. While DS follow-up studies have long been confined to the pediatric sphere, we show how increasing longevity among those with DS poses new challenges that require complex adult and geriatric care associated with the treatment of long-term multimorbidity and dementia. Cohort studies of patients with DS dementia are few, and prevalence rates of dementia in DS vary according to diagnostic methods, types of inclusion and data sets, discrepancies in sample size, and participants' age. 7 Our observed overall frequency of 40% dementia among individuals with DS older than 45 years and 49% among those older than 65 years is consistent with several previous studies in which the prevalence was around 50%. 22, 23 However, other studies have reported higher rates, especially among prospective studies with a prevalence superior to 75% among those older than 60 years 24,25 and 
Research Original Investigation
Aging, Dementia, and Multimorbidity in Older Adults With Down Syndrome a cumulative incidence of 79.71% by age 60 years. 26 In the oldest individuals with DS within our study, the frequency of dementia declined slightly, which may reflect a survival biais. 27, 28 Furthermore, given that our study relies on diagnostic codes from Medicare (ICD-9-CM and ICD-10-CM codes) and often derive from primary care settings (as opposed to specialty clinics), it is possible that some symptoms of dementia might have been attributed to the preexisting developmental cognitive impairment of individuals with DS. [29] [30] [31] As a whole, our large, population-based sample may be more representative than clinic-or institution-based studies, but our identification method is likely to be less sensitive, especially for mild dementia.
We found high frequencies of numerous chronic treatable comorbidities in this aging DS population, and in people with DS dementia in particular. Because of an accelerated aging process in DS, 32 chronic comorbid conditions are observed even among middle-aged individuals with DS and with DS dementia. 33 Interestingly, those with dementia younger than 65 years had a greater number of comorbidities compared with those of the same age without dementia. This suggests that a high level of multimorbidity might contribute to the heterogeneity of age at onset of DS dementia, 34, 35 although an alternative explanation might be that there are shared risk (and resilience) factors for dementia and other comorbidities in DS. Also, those individuals with many comorbidities are likely to be more frail and die earlier, which could account for the absence of differences in the number of comorbidities between those individuals with and without dementia older than 65 years. Adults with DS would likely benefit from integrated care because comorbidities are numerous and often preventable or treatable and because familial caregiving tends to be less existent as individuals with DS are getting older. 33 We pragmatically looked for comorbidity targets that could be better treated in primary care settings to prevent or slow DS dementia onset and to lower the effect of aggravating factors of dementia. We identified 4 treatable conditions that were much higher in midlife and late-life DS dementia. Hypothyroidism was more frequent in women with DS in general, and more than half of individuals with DS dementia had hypothyroidism confirming published prevalence, ranging from 51% to 59% in DS dementia. 22, 24, 36 Overt hypothyroid is a cause of reversible dementia 37 and a recognized associated factor of poorer cognitive performance. 38 Future work in DS should explore sex differences regarding thyroid dysfunction and risk of dementia and focus on the duration of sub and clinical hypothyroidism and on treatment benefits. 39 Epilepsy frequency was also very high (41%) reinforcing previous research with even higher figures of 74% 25 and 84% 24 in DS dementia. Epilepsy is a frequent prodrome or subsequent manifestation of dementia, with new-onset epilepsy occurring within 2 years after the dementia diagnosis. 40 Epilepsy is a core condition in DS that was found to predict dementia in 80% of the cases. 27 Anemia was more frequent in men with DS in general, and was present in one-third of DS dementia cases, although to our knowledge, no prior publication has identified this critical association in DS. Anemia itself or the causal determinants of anemia (eg, lower serum folate concentration, iron, or B 12 ) are associated with cognitive disorders 37, 41 including risk of dementia. 42 Weight loss was more than twice as frequent among DS dementia (12.7%) than in individuals without dementia. In general population, weight loss is commonly associated with dementia as a prodromal factor that precedes cognitive decline 43 and as an ongoing consequence of dementia. 44 While being overweight is classically known in young people with DS, awareness has been raised about a mean 21% weight loss quantified during a 4-year period in DS dementia. 45, 46 The differences observed in comorbidity patterns according to both dementia status and sex are also of interest because they suggest that distinct follow-up screening according to sex (and thus treatment of preventable conditions) could be important for promoting better care. As a whole, whether these concurrent comorbidity factors stand as associated causes or consequences of dementia remains to be studied in the future with longitudinal data. Overall, these comorbidities are strongly associated with DS dementia and they should be screened early and better treated during the lifetime of DS people.
Limitations
The major limitation of this study is the cross-sectional nature of the study. Thus, we cannot disentangle what might be a risk factor, a prodrome, or a consequence of DS dementia. Limitations about diagnoses based on claims data also include the lack of knowledge about the duration of dementia and the duration of the comorbidities, and consequently about the chronological association between comorbidities and onset of dementia. Because we capture here Medicare and "MediMedi" beneficiaries (ie, individuals dually eligible for Medicare and Medical at the same time), 47 we might miss dementia among the poorest and severely disabled individuals with DS who would only qualify for Medical (ie, Californian Medicaid), 48 as well as cases of early-onset dementia before age 45 years (because Medicare includes people older than age 45 years). However, the present top-down epidemiologic approach through the US billing system captures a large number of individuals with DS who were identified through a broad variety of health care procedures and lived throughout Californian counties. Although we examined a broad list of comorbid conditions, we were unable to look at every possible condition. Recommendations include using electronic health 
Research Original Investigation
Aging, Dementia, and Multimorbidity in Older Adults With Down Syndrome records and data linkage in the future to follow-up beneficiaries longitudinally and to chain health claims information to clinical data.
Conclusions
Because longevity in DS has been increasing rapidly in the past decades, there is a high need for more updated medical and epidemiology research studies in this population. 49 Aging with DS means that individuals with DS have to deal with complex long-term multimorbidity, and in half of the cases, with comorbid DS dementia. More evidenced-based and standardized care follow-up (similarly to those now operational in younger patients with DS) 35 could support better comorbidity management in the aging DS population and ultimately better dementia diagnosis and specific DS care.
